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Standard Method of Test for 

KINEMATIC VISCOSITY OF TRANSPARENT AND 
OPAQUE LIQUIDS (AND THE CALCULATION OF 
DYNAMIC VISCOSITY ) 1 

This Standard is issued under the fixed designation D 445; the number immediately following the designation indicates the he 
year of original adoption, or in the case of revision, the year of last revision. A number in parentheses indicates the year of 
last reapproval. This is also a standard of the Institute of Petroleum issued under the fixed designation IP 71. The final 
number indicates the year of last revision. 

This method was adopted as a joint ASTM-IP standard in 1964. 


1. Scope 

1.1 This method covers the determination 
of the kinematic viscosity of liquid petroleum 
products (Note 1), both transparent and 
opaque, by measuring the time for a volume 
of liquid to flow under gravity through a cali¬ 
brated glass capillary viscometer. The dy¬ 
namic viscosity can be obtained by multi¬ 
plying the measured kinematic viscosity by 
the density of the liquid. 

Note 1 —For the measurement of the viscosity 
of bitumens, see also Method D 2170, and Method 
D 2171/IP 222. 

1.2 The method is intended for application 
to liquids for which the shear stress and shear 
rates are proportional (Newtonian flow, Note 
2 ). 

Note 2—The method depends on the behavior of 
the sample, and ideally the coefficient of viscosity 
should be independent of the rate of shear (this is 
commonly called Newtonian flow behavior). If, 
however, the coefficient of viscosity varies signifi¬ 
cantly with the rate of shear, different results may 
be obtained from viscometers of different capillary 
diameters. 

2. Applicable Documents 

2.1 ASTM Standards: 

D2170 Test for Kinematic Viscosity of 
Asphalts 2 

D2171 Test for Absolute Viscosity of 
Asphalts 2 

D2515 Specifications and Operating In¬ 
structions for Glass Capillary for Kine¬ 
matic Viscometers 3 

E 1 Specification for ASTM Thermome¬ 
ters 4 


3. Definitions 

3.1 kinematic viscosity —a measure of the 
resistive flow of a fluid under gravity, the 
pressure head being proportional to the den¬ 
sity, p, of the fluid for gravity flow under a 
given hydrostatic head, the pressure head of a 
liquid is proportional to its density, p. For 
any particular viscometer, the time of flow of 
a Fixed volume of fluid is directly proportional 
to its kinematic viscosity, v = 77 /p, where rj is 
the dynamic viscosity coefficient. The kine¬ 
matic viscosity coefficient has the dimension 
L 2 /T , where L is a length, and T is a time. 
The cgs unit of kinematic viscosity is one cen¬ 
timetre squared per second and is called one 
stokes (symbol St). The SI unit of kinematic 
viscosity is one metre squared per second and 
is equivalent to 10 4 St. Frequently, the centi- 
stokes (symbol cSt) is used (1 cSt = 10 ^ 2 St). 

3.2 density —the mass per unit volume of 
the fluid. The dimension of density is M/L 3 , 
were M is a mass. The cgs unit of density (p) 


1 This method is under the jurisdiction of ASTM Com¬ 
mittee D-2 on Petroleum Products and Lubricants. 

Current edition approved Aug. 29, 1972. Published 
October 1972. 

Originally published as D 445 - 37 T. Last previous edi¬ 
tion D 445 - 65 (1970). 

In 1972 the method was editorially revised in a signifi¬ 
cant manner to bring it into line with recommendations to 
ISO TC/28 on Petroleum Products. Detailed calibration 
instruction was transfered to ASTM D 2515, Specifications 
and Operating Instructions for Glass Capillary Kinematic 
Viscometers. 

In the IP, this method is under the jurisdiction of the 
Standardization Committee. 

2 Annual Book of ASTM Standards , Part 11. 

8 Annual Book of ASTM Standards , Part 17. 

* Annual Book of ASTM Standards , Part 30. 
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is one gram per cubic centimetre, and the SI 
unit of density is one kilogram per cubic 
metre. 

3.3 dynamic viscosity (coefficient of)—the 
ratio between the applied shear stress and rate 
of shear. This coefficient, 77 , is thus a measure 
of the resistance to flow of the fluid; it is 
commonly called the viscosity of the liquid. 
The dimension of the coefficient of dynamic 
viscosity is M/LT = FT/L 2 depending on 
whether the dimension of viscosity is based on 
the M-L-T system or on the F-L-T system 
(where F represents a force). The cgs unit of 
dynamic viscosity is one gram per centimetre 
per second = one dyne-second per centimetre 
squared and is called one poise (symbol P). 
The SI unit of dynamic viscosity is one 
newton-second per metre squared and is 
equivalent to 10 P. Frequently, the centipoise 
(symbol cP) is used (1 cP = 10 -2 P). 

Note 3—Dynamic viscosity also denotes a fre¬ 
quency-dependent quantity in which shear stress 
and shear rate have a sinusoidal time dependence; it 
is hoped that this dual use of the same term will not 
be confusing. 

4. Summary of Method 

4.1 The time is measured in seconds for a 
fixed volume of liquid to flow under gravity 
through the capillary of a calibrated viscom¬ 
eter under a reproducible driving head and at 
a closely controlled temperature. The kine¬ 
matic viscosity is the product of the measured 
flow time and the calibration constant of the 
viscometer. 

5. Apparatus 

5.1 Viscometers of the glass capillary type, 
calibrated and capable of measuring kine¬ 
matic viscosity within the limits of precision 
given in Section 11, are acceptable. Viscome¬ 
ters listed in Table 1 meet these requirements. 

5.1.1 Automated assemblies that perform 
as herein required are considered suitable al¬ 
ternatives. 

5.2 Viscometer Holders to enable the vis¬ 
cometer to be suspended in a similar position 
as when calibrated. The proper alignment of 
vertical parts may be confirmed by using a 
plumb line. 

5.3 Viscometer Thermostat and Bath —Any 
transparent liquid or vapor bath may be used, 
provided that it is of sufficient depth that at 


no time during the measurement will any por¬ 
tion of the sample in the viscometer be less 
than 20 mm below the surface of the bath 
liquid or less than 20 mm above the bottom 
of the bath. 

5.3.1 The temperature control must be 
such that for the range from 15 to 100 C (60 
to 212 F) the temperature of the bath medium 
does not vary by more than 0.01 C (0.02 F) 
over the length of the viscometers, or between 
the position of each viscometer, or at the lo¬ 
cation of the thermometer. For temperatures 
outside this range, the variation must not ex¬ 
ceed 0.03 C (0.05 F). 

5.4 Temperature-Measuring Device —Stan¬ 
dardized liquid-in-glass thermometers (Table 
2 ) of an accuracy after correction of 0.01 C 
(0.02 F) can be used, or any other thermomet¬ 
ric device of equal accuracy. 

5.5 Timing Device —Any timing device 
may be used provided that the readings can be 
taken with a discrimination of 0.2 s or better, 
and that it has an accuracy within ±0.07 per¬ 
cent when tested over intervals of 15 min. 

5.5.1 Electrical timing devices may be used 
if the current frequency is controlled to an 
accuracy of 0.05 percent or better. Alter¬ 
nating currents, as provided by some public 
power systems, are intermittantly rather than 
continuously controlled. When used to actuate 
electrical timing devices, such control can 
cause large errors in viscosity flow measure¬ 
ments. 

6. Calibration 

6.1 Viscometers —Use only calibrated vis¬ 
cometers with constants measured and pro¬ 
vided to the nearest 0.1 percent of their value. 

6.2 Thermometers —Routine liquid-in-glass 
thermometers should be checked to the 
nearest 0.01 C (0.02 F) by direct comparison 
with a suitable calibrated thermometer. 

6.2.1 Kinematic viscosity test thermome¬ 
ters shall be standardized at total immersion 
which means immersion to the top of the 
mercury column, with the remainder of the 
stem and the expansion chamber at the top of 
the thermometer exposed to room tempera¬ 
ture. Do not submerge the expansion bulb at 
the top of the thermometer. 

6.2.2 It is essential that the ice point of 
standardized thermometers be determined 
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periodically and that the official corrections 
be adjusted to conform to the change in ice 
point. 

6.3 Timers —Standard time signals avail¬ 
able in some countries may be used for 
checking accuracy of timing devices. 

6.4 Viscosity Standards 8 (Table 3)—These 
may be used as confirmatory checks on the 
procedure in the laboratory. If the measured 
kinematic viscosity does not agree within ± 
0.35 percent of the certified value, each step 
in the procedure should be rechecked, in¬ 
cluding thermometer and viscometer calibra¬ 
tion, to locate the source of error. It must be 
appreciated that a correct result obtained on a 
standard oil does not preclude the possibility 
of a counterbalancing combination of the pos¬ 
sible sources of error. 

6.4.1 Viscosity Oil Standards , ASTM, 
having the approximate kinematic viscosity 
shown in Table 3 are available. 5 6 Certified 
kinematic viscosity values are compared by 
annual cooperative tests by a number of labo¬ 
ratories. The current values are supplied with 
each portion. 

7. Procedure for Kinematic Viscosity 

7.1 The specific details of operation vary 
for the different types of viscometers listed in 
Table 1. In all cases, however, proceed in 
accordance with 7.2 through 1.6. 

12 Maintain the bath at the test tempera¬ 
ture within the limits given in 5.3.1. Apply the 
necessary corrections, if any, to all thermom¬ 
eter readings. 

7.2.1 Ascertain that the ice point of the 
thermometer has been determined recently 
and the corrections, if any, applied to the cali¬ 
bration values. The possible change in the ice 
point reading of new thermometers may re¬ 
quire a check every week. 

7.2.2 Select a clean dry, calibrated viscom¬ 
eter having a range covering the estimated 
viscosity (that is, a wide capillary for a very 
viscous liquid and a narrower capillary for a 
more fluid liquid). The flow time should not 
be less than 200 s. 

7.2.3 When the temperature of the test is 
below the dew point, fit loosely packed drying 
tubes onto the open ends of the viscometer to 
prevent water condensation. Drying tubes 
must fit the design of the viscometer and not 


restrict the flow of the sample under test by 
pressures created in the instrument. At tem¬ 
peratures below 0 C (32 F), it may be advis¬ 
able to charge the sample into the viscometer 
at ambient temperature; allow the viscometer 
to cool to bath temperature, keeping the 
sample in the working capillary to prevent 
slight accumulation of frost on the walls of 
the capillary. 

7.2.4 Viscometers used for silicone fluids, 
fluorocarbons, and other liquids which are 
difficult to remove by the use of a cleaning 
agent, should be reserved for the exclusive use 
of those fluids except when calibrating. Sub¬ 
ject such viscometers to calibration checks at 
frequent intervals. 

7.3 Charge the viscometer in the manner 
dictated by the design of the instrument, this 
operation being in conformity with that em¬ 
ployed when the instrument was calibrated. 
Should the sample contain solid particles, 
filter during charging thru a No. 200 (75 - 
jum) sieve. 

7.3.1 With certain products which exhibit 
“gel-like” behavior, take care that measure¬ 
ments are made at sufficiently high tempera¬ 
tures for such materials to flow freely so that 
similar results will be obtained in viscometers 
of different capillary diameters. 

7.3.2 The viscosity of steam-refined cyl¬ 
inder oils, black lubricating oils, residual fuel 
oils, and similar waxy products can be af¬ 
fected by the previous thermal history. Follow 
the preheating procedure given below to ob¬ 
tain uniform results for viscosities below 95 C 
(200 F). 

7.3.2.1 To obtain a representative sample, 
heat in the original container to about 50 C 
(122 F) with stirring and shaking. Probe the 
bottom of the container with a rod to be cer¬ 
tain that all waxy materials are in solution. 
Pour 100 ml into a 125-ml conical flask. 
Stopper loosely with a cork or rubber stopper. 
Immerse the flask in a bath of boiling water 
for 30 min. Mix well, remove the sample from 
the bath and strain it through a No. 200 (75- 
jum) screen directly into the viscometer al- 


5 The ASTM Viscosity Oil Standards are available in l- 
pt containers. Purchase orders should be addressed to the 
Cannon Instrument Co., P. O. Box 16, State College, Pa. 

16801. Shipment will be made as specified or by best 
means. 
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ready in the thermostated bath. Complete the 
viscosity test within 1 h after preheating. 

7.4 Allow the charged viscometer to remain 
in the bath long enough to reach the test tem¬ 
perature. Because this time will vary for the 
different instruments and for different temper¬ 
atures, establish a safe temperature equilib¬ 
rium time by trial (30 min should be suffi¬ 
cient). Where design of the viscometer re¬ 
quires it, adjust the volume of the test sample 
after the sample has reached temperature 
equilibrium. One bath is often used to accom¬ 
modate several viscometers. Never add or 
withdraw a viscometer while any other vis¬ 
cometer is in use for measuring a flow time. 

7.5 Use suction (if the sample contains no 
volatile constituents) or pressure to adjust the 
head level of the test sample to a position in 
the capillary arm of the instrument about 5 
mm ahead of the first timing mark. With the 
sample flowing freely measure in seconds, to 
within 0.2 s (see 5.5), the time required for 
the meniscus to pass from the first timing 
mark to the second. If this flow time is less 
than the specified minimum (see 7.2.2), select 
a viscometer with a capillary of smaller diam¬ 
eter and repeat the operation. 

7.5.1 For modified Ostwald and suspended- 
level types, repeat the procedure described in 

7.5 to make a second measurement of the 
flow time. For reverse flow viscometers use 
the same or another viscometer and begin at 
7.3 to make the second measurement. 

7.6 If two measurements agree within 0.2 
percent, use the average for calculating the 
reported kinematic viscosity. For reverse-flow 
types flow times should agree within 0.35 per¬ 
cent. If these agreements are not obtained, 
reject the test results. 

8. Procedure for Dynamic Viscosity 

8.1 Determine the kinematic viscosity as 
described in Section 7. 

8.2 Determine the density of the sample, to 
the nearest 0.001 g/cm 3 at the same tempera¬ 
ture as the viscosity, in accordance with any 
applicable method. 

9. Cleaning of Viscometer 

9.1 Between successive determinations, 
clean the viscometer thoroughly by several 
rinsings with an appropriate solvent com¬ 


pletely miscible with the sample, followed by 
a completely volatile solvent. Dry the tube by 
passing a slow stream of filtered dry air 
through the viscometer for 2 min or until the 
last trace of solvent is removed. 

9.2 Periodically clean the instrument with 
chromic acid to remove deposits, rinse thor¬ 
oughly with distilled water and acetone, and 
dry with clean dry air. Organic deposits may 
be removed by hydrochloric acid treatment 
before use of cleaning acid, particularly if 
barium salts are suspected. 

10. Calculations and Report 

10.1 Calculate the kinematic viscosity, v, 
from the measured flow time t and the instru¬ 
ment constant C by means of the following 
equation: 

v = Ct 

where: 

v = kinematic viscosity, cSt, 

C = calibration constant of the viscometer, 
Cst/s, and 
t = flow time, s. 

10.2 Calculate the viscosity, ?/, from the 
calculated kinematic viscosity, v, and the den¬ 
sity, p, by means of the following equation: 

7\ = pv 

where: 

7) = dynamic viscosity, in cP, 
p = density, g/cm 3 , (Note 4) at the same 
temperature used for measuring the flow 
time t , and 

v = kinematic viscosity, cSt. 

10.3 Report test results for both the kine¬ 
matic and dynamic viscosity rounded to the 
nearest one part per thousand of the value 
measured or calculated, respectively. 

Note 4—It is permissible to use density valves 
calculated in grams per millilitre units as being 
numerically equivalent to those in grams per cubic 
centimetre units. 

11. Precision 

11.1 The following precision applies to 
clean, transparent oils tested between 15 and 
100 C (60 and 212 F). 

11.1.1 Repeatability —Duplicate results by 
the same operator, using the same viscometer, 
should be considered suspect if their differ¬ 
ence is greater than 0.35 percent of their 
mean. 
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11.1.2 Reproducibility —The results sub¬ 
mitted by each of two laboratories should not 


TABLE 1 Viscometer Types 


Viscometer Identification 

Range, cSt" 

A. Ostwald Types for Transparent Liquids: 

1. Cannon Fenske Routine 0 

0.5® to 20 000 

2. Zeitfuchs 0 

0.6 to 3 000 

3. SIL C 

0.6 to 10 000 

4. Cannon-Manning Semi-micro 0 

0.4 to 20 000 

5. BS/IP U-tube" 

0.9® to 10 000 

6. BS/IP U-tube Miniature d 

0.2 to 20 000 

7. Pinkevitch 

0.6® to 17 000 

B. Suspended-Level Types for Transparent Liquids: 

1. Ubbelohde 0 

0.3® to 100 000 

2. FitzSimons 0 

0.6 to l 200 

3. Atlantic 0 

0.75® to 5 000 

4. Cannon-Ubbelohde, Cannon- 

0.5® to 100 000 

Ubbelohde Dilution 0 


5. Cannon-Ubbelohde Semi-mi¬ 

0.4 to 20 000 

cro 0 


6. BS/IP Suspended Level" 

3.5® to 100 000 

7. BS/IP Suspended level, Short¬ 

1.05® to 10 000 

ened Form" 


8. BS/IP Miniature Suspended 

0.6 to 3 000 

Level" 


C. Reverse-Flow Types for Transparent and Opaque 

Liquids: 


I. Zeitfuchs Cross-Arm 0 

0.6 to 100 000 

2. Cannon-Fenske Opaque 0 

0.4 to 20 000 

3. Lantz-Zeitfuchs° 

60 to 100 000 

4. BS/IP U-tube Reverse Flow" 

0.6 to 300 000 


“ Each range quoted requires a series of viscometers. To 
avoid the necessity of making a kinetic energy correction, 
these viscometers are designed for a flow time in excess of 
200 s except where noted. 

® In each of these series, the minimum flow time for the 
viscometers with the lowest constant exceeds 200 s. 

c Specifications and operating instructions for these vis¬ 
cometers have been assembled in Method D 2515. 

"Specifications for these are given in Appendixes to 
IP 71. 


be considered suspect unless their difference is 
greater than 0.7 percent of their mean. 


TABLE 2 Kinematic Viscosity Test Thermometers 0 


Test Temperature® 

Scale Error® 

Thermometer Number 

deg F 

deg C 

ASTM 0 

IP" 

-65 

-53.9 

74F 

69F, C 

-60 to -35 

-51 to -35 

43F 

65F, C 

-40 

-40 

73F 

68 F, C 

0 

-17.8 

72F 

67 F, C 

32 

0 


33F, C 

68 and 70 

20 and 21.1 

44F 

29F, C 

77 

25 

45F 

30F, C 

86 


118F 


100 

37.8 

28 F 

3IF, C 

122 

50 

46 F 

66F, C 

130 

54.4 

29 F 

34F, C 

140 

60 

47 F 

35F, C 

180 


48 F 


200 

93.3 


36F, C 

210 and 212 

98.9 and 100 

30F 

32F, C 

275 


110F 



a The smallest graduation of the Fahrenheit thermome¬ 
ters is 0.1 F and for the Celsius thermometers is 0.05 C 
except for ASTM 43F and IP 65F for which it is 0.2 F. 

® Scale error for the Fahrenheit thermometers is not to 
exceed ±0.2 F (except for ASTM 110F which is ±0.3 F); 
for the Celsius thermometers it is ±0.1 C. These scale er¬ 
rors are required to apply only at the given test tempera¬ 
ture. 

e Complete construction detail is given in Specifications 

El. 

" Complete construction detail is given in Part I of IP 
Standards for Petroleum and Its Products. 
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TABLE 3 Values of the Several ASTM Viscosity Oil Standards 


Viscosity Standard 
Conforming to ASTM 
Standards" 

Approximate Kinematic Viscosity, cSt 

At 

-53.89 C 
(-65 F) 

At -40 C 
(-40 F) 

At 20 C 
(68 F) 

At 25 C 
(77 F) 

At 30 C 
(86 F) 

At 

37.78 C 
(100 F) 

At 50 C 
(122 F) 

At 

98.89 C 
(210 F) 

S-3 

300 

80 

4.6 

4.0 


3.0 


1.2 

S-6 



10 

9.0 


6.0 


1.8 

S-20 



44 

35 


20 


3.9 

S-60 



160 

120 


60 


7.7 

S-200 



700 

480 


200 


16 

S-600 



2500 

1600 


600 

280 

32 

S-2000 



9000 

5700 


2000 


"76 

S-8000 



38 000 

22 000 


8000 



S-30 000 





50 000 

27 000 

11 000 




"The actual values for the standards listed above are established and annually reaffirmed by cooperative tests. In 1971, 
tests were made using 15 different types of viscometer in 26 laboratories located in 9 countries. 


By publication of this standard no position is taken with respect to the validity of any patent rights in connection there¬ 
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard 
against liability for infringement of any Letters Patent nor assume any such liability. 
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